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The problem of the relation between constitution  and susceptibility 
to  disease  has  been  studied  in  this  laboratory  through  two  main 
avenues of approach.  The first has been to observe the influence on 
the host's reaction to disease of various environmental conditions, for 
example sunlight, ultraviolet radiation, darkness, and meteorological 
states, of operative procedures and of concomitant infections.  The 
second approach has been from the standpoint of the genetic constitu- 
tion of the host through an intensive study of breed characteristics 
and hereditary abnormalities.  One technique which has been utilized 
for the latter purpose has involved observations on the reaction to 
disease-producing agents of pure bred rabbits of varying lineage and of 
known quality.  Investigations along these lines have demonstrated 
that  the differences which are  represented by  varying breed  char- 
acters are  associated with distinctive differences in  the response to 
• infection with  Treponema pallidum  (1)  and  to  inoculation with  a 
transplantable  neoplasm  (2).  Thus  with  respect  to  experimental 
syphilis, the Havana and Dutch rabbits were found to be relatively 
resistant while English, Rex, and Himalayan rabbits were relatively 
susceptible; with  regard  to  the  Brown-Pearce  tumor,  Havana  and 
Himalayan animals were relatively resistant,  and Dutch,  Rex,  and 
English relatively susceptible. 
With this information as a  background, a  study was made of the 
effect of an acquired immunity to Tr. pallidum on the rabbit's suscep- 
tibility  to  the  Brown-Pearce  tumor.  The experiments which were 
conducted in order to elucidate this problem form the basis of the 
present report. 
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Material and Methods 
The results are based on an analysis of the reaction  to inoculation with  the 
Brown-Pearce tumor of 50 standard bred rabbits with latent syphilitic infection. 
The animals were all young adult males and were distributed according to breed 
as  follows: Himalayan  15,  English  7,  Dutch  13,  Rex  5,  and  Havana  10.  All 
animals were housed in individual  cages in a  well lighted, well ventilated  room 
and were fed a uniform diet composed of a mixture of grains and grain products 
with alfalfa, mineral salts, and a  molasses binder.  This was supplemented with 
hay and a free supply of water. 
Intratesticular  inoculations with  syphilitic material were first made,  and the 
course of  the  experimental  disease  followed  by frequent clinical  examinations. 
After the lapse of a  4½ to 7 months period, the animals were reinoculated,  also 
intratesticularly,  with  the  Brown-Pearce  tumor.  The  selection  of animals  for 
the second inoculation was determined by the complete healing of all lesions and 
by the presence of clinically normal testicular  tissue;  the testicle chosen for the 
tumor injection either had not been involved in the syphilitic process, or if it had, 
showed healed  and  regenerated  testicular  substance.  The dates  of inoculation 
with the syphilitic material  and of reinoculation with  the Brown-Pearce tumor 
are shown in Table I. 
Inoculation with  Tr.  pallidum  and Estimation  of the Severity of the Disease.- 
The Nichols strain of Tr. pallidum  was employed throughout.  All the animals 
were inoculated into one testicle with 0.3 cc. of a saline emulsion prepared from an 
actively developing testicular lesion and containing from two to six organisms per 
dark rid&  Careful clinical examinations were made several times each week for 
3 months after inoculation; thereafter, the clinical examinations were less frequent. 
Particular attention was directed to the presence or absence and time of appearance 
of the primary orchitis, critical edema, and metastatic orchitis, and the presence 
or absence,  number,  and  time  of appearance  ot~ metastatic  lesions of the  skin, 
bones and periosteum, and eyes.  An estimate of the relative severity of the dis- 
ease in any particular animal was made by a scheme of percentages which varied 
with the quantitative occurrence of primary and metastatic lesions.  The clinical 
history of each animal for the 3 months period after inoculation was reviewed and 
groupings in terms  of syphilis morbidity were made according to the following 
scale: Animals which during the entire course had developed a  primary orchitis 
alone and no other lesion, 10 per cent; animals which developed a primary and a 
metastatic orchitis and no other lesions, 33 per cent; animals which during the 
3 months period had developed both a primary and a metastatic orchitis, together 
with one to two generalized lesions,  50 per cent; animals which had developed both 
a  primary  and  a  metastatic  orchitis  and  in  addition  three  to  five generalized 
lesions,  67 per cent; and finally, animals which during the observation period of 
3 months from inoculation had developed both a primary and a metastatic orchitis, 
together with six or more generalized lesions,  100 per cent.  It should be empha- 
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a  lesion,  its persistence,  or its  qualitative  difference from other lesions,  and  is 
not recommended for ascertaining fine distinctions between  the severity of the 
disease  in different  animals.  For the present  purposes,  however,  it  is  entirely 
satisfactory.  Using  these  estimates  of  syphilis  morbidity,  mean  values  were 
obtained for each standard bred group under consideration. 
Reinoculation with the Brown-Pearce Tumor and Estimation  of the Severity of 
the Disease.--Mter all syphilitic lesions had completely resolved as determined by 
careful clinical examination, and the state of latency had been established,  each 
animal was reinoculated in one testicle with 0.3 co. of a saline emulsion  of fresh, 
living Brown-Pearce tumor.  The testicle selected for reinoculation either had not 
been involved in the syphilitic process, or ff both testicles had been involved, the 
better of the two from the point of view of normal testicular substance was injected. 
The tumor is considered to be an epithelioma O) and has been carriedin thislabo- 
ratory by animal inoculations for upwards of 140 generations since March,  1921. 
At the end of a 2 months period after inoculation, the surviving animals were killed 
by air injection.  All animals were autopsied, and special attention was paid to 
the organ distribution and character of macroscopic tumor growths.  Estimations 
of the severity of the malignant disease were made by a percentage method pre- 
viously employed by Casey (4) which is based essentially on the number of organs 
or tissues having tumor growth as determined by autopsy examination; the extent 
of invasion and the number of tumor nodules in any one organ are not taken into 
account.  Groupings in terms of malignancy were made according to the fellow- 
ing  scale:  Animals  which  at  the  end  of  the  2  months  observation  showed no 
tumor at autopsy, 0 per cent; animals with a primary tumor in the inoculated tes- 
ticle but no metastatic loci, 25 per cent; animals with a primary tumor and one 
to two metastatic loci, 33 per cent; animals with a primary tumor and three to 
five metastatic loci not affecting a vital organ, 50 per cent; animals with more than 
five metastatic foci at autopsy in addition to a primary tumor, or fewer loci but 
active tumor in a  vital organ, 67 per cent; and finally, those which had died of 
tumor during  the  observation period,  100  per  cent.  Using  these  indices,  per- 
centage mean  values  for mortality were  calculated  for each  breed  and for the 
combined group of 50 animals.  In the text these animals have been variously 
designated  experimental,  syphilitic, or syphilis-immune group. 
Calculation of Weighted Values for  Relative Tumor  Malignancy  in  Normal, 
Non-Syphilitic  Rabbits.--In a  study of the reaction of standard bred rabbits  to 
the Brown-Pearce tumor,  Casey (2) described the above method, and by its use 
determined the mean mortality for several different breeds of rabbits,  including 
those represented in the present investigation; namely, Himalayan, Rex, English, 
Havana, and Dutch.  These values, together with their standard errors and the 
number of observations on which they are based, are shown in Table II.  They 
give the levels of tumor mortality in normal, non-syphilitic rabbits of the stated 
breeds, and have been employed as normal control values with which the breed 
mean observations on the experimental, i.e. syphilitic, groups have been compared. 
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for the total of 50 observations of the present series,  was calculated by the use 
of the following formula. 
(•  X Mbreed) 
(1)  50  -- Mean~0 
where n represents the number of animals of a particular breed used in the present 
experiment and Mbre~d  represents the mean value for the breed as  obtained by 
Casey (2).  Furthermore, a new value for the standard error of this weighted mean 
was determined by an application of the following formula. 
(2)  X n(O'broed' -[- Mbreed  2)  •  ]~0  2 
in which q b,o,a is the  standard deviation and M br~a the mean value for each of 
the different breeds in Casey's series.  The first formula gave the weighted value 
for mean tumor malignancy in normal, non-syphilitic rabbits, and this in con- 
junction  with the second gave a new standard error of the mean when the number 
of observations was equal to  50.  An alternate formula for the standard error 
of the weighted mean was used as a check. 
¢ Mean.~ =  n~n  ~  • tr Mean,,  I  (3) 
Here nt and n~ represent the number of observations in Casey's series  and  the 
number of observations in the experimental  group  respectively,  and  ~ Mean,, 
and  ~ Mean.,  are the standard errors of the means of ~i and  n~ observations. 
This formula is based on the supposition that a  second series of n2 observations 
would have the same standard deviation as the first series  of nl observations,  I 
and has been used in calculating the standard error of the normal mean values 
shown in Table II. 
The comparisons have been based on mean values in order to eliminate the 
variations due to individual differences.  In aU statistical procedures, significance 
has been attached to values of P  =  0.01; that is, when the probability of an event 
occurring by chance was I or less than I in 100, the result was considered signifi- 
cant.  The x  ~ test is described by Fisher (5). 
RESULTS 
The results are presented in Tables I  to III and Text-fig. 1.  Table I 
lists the individual  observations on each animal and includes the dates 
1 For those who are interested, this formula was obtained as follows: 
(1) an1 = crMean,t.X/~.  (2) an2 = ~Mean%.x/~.  (3) By hypothesis, ~,~ =  ¢,. 
1-- 
(4)  .'.or  Mean,l.%/n-~ =  ~r Mean,l.%/~l and (5).'.6  Mean,  =  /[/n_~l., Mean%. 
rr~ PAUL  D.  ROSAHN  217 
TABLE  I 
Individual Values for Morbidity from Tr. pallidum Infection and Mortality from the 
Brown-Pearce Tumor in Standard Bred Rabbits 
Date inoculated  Relative  Date reinoculated  Relative 
Animal No.  Breed  with  with Brown-Pearce  mortality  Tr. pallidum  morbidity  tumor 
546-1 
A94B 
A94C 
A108A 
A108B 
D20-4 
D17 
D26-1 
D26-2 
D23-2 
D23-3 
D120-1 
D85 
A66-6 
A66-5 
A96A 
925A 
HAl-1 
HA1-2 
HA1-3 
HA1-5 
HA1-6 
HA4-7 
561-4 
El-2 
E8-3 
E8-6 
El0 
Ell-2 
El0-2 
958A 
R106-2 
R71 
R94 
R731-1 
Dutch  Apr. 
"  Oct. 
*c  *c 
"  Mar. 
~c  ~c 
"  Oct. 
Havana  Oct. 
"  Mar. 
*c  c* 
English  Apr. 
"  Mar, 
"  Oct. 
Rex  Oct. 
"  Oct. 
9, 1931 
26 
26 
26 
26 
31, 1932 
31 
31 
31 
31 
31 
31,  1933 
31 
26, 1931 
26 
26 
26 
31, 1932 
31 
31 
31 
31 
31 
9, 1931 
31, 1932 
31 
31 
31 
31 
31, 1933 
26, 
31, 
31 
31 
31 
per eeng 
67 
100 
67 
33 
33 
10 
33 
33 
33 
10 
5O 
33 
5O 
100 
10 
100 
67 
33 
33 
10 
33 
10 
10 
100 
50 
33 
10 
100 
33 
33 
Oct.  20, 1931 
Mar. 25, 1932 
"  25 
"  25 
"  25 
Oct.  7 
"  7 
"  7 
"  7 
"  7 
"  7 
Mar. 13, 1934 
"  13 
Mar. 
~c 
Oct. 
~c 
~c 
Oct. 
Oct. 
Mar. 
1931 
1933 
100 
33 
100 
50 
33 
25, 1932 
25 
25 
25 
7 
7 
7 
7 
7 
7 
20, 1931 
7, 1932 
7 
7 
7 
7 
13, 1934 
Mar. 25, 
Mar. 13, 
"  13 
"  13 
"  13 
1932 
1934 
per col| 
0 
100 
100 
33 
33 
0 
50 
0 
0 
0 
25 
25 
25 
I00 
67 
25 
67 
25 
50 
67 
100 
0 
50 
0 
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TABLE  I--Concluded 
Date inoculated  Relative  Date reinoculated 
Animal No.  with  with Brown-Pearce  Relative 
Tr. #allidum  morbidity  tumor  mortality 
939B 
A24A 
716-3 
822A 
H5-5 
H6-1 
1-16-3 
H6-5 
H7-2 
H8-2 
H50-1 
H50-2 
H58 
H49-2 
H53 
Breed 
Himalayan  Oct.  26, 
"  "  26 
"  "  26 
"  "  26 
"  "  26 
"  Mar. 31, 
"  "  31 
"  "  31 
"  "  31 
"  "  31 
"  "  31 
"  Oct.  31, 
"  "  31 
"  "  31 
"  "  31 
1931 
1932 
1933 
per c~nt 
33 
100 
100 
67 
67 
67 
100 
10 
33 
50 
100 
IO0 
100 
IO0 
Mar. 25, 1932 
"  25 
"  25 
"  25 
"  25 
Oct.  7 
"  7 
"  7 
"  7 
"  7 
"  7 
Mar.  13,  1934 
"  13 
"  13 
"  13 
per c~$I 
33 
0 
67 
33 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5O 
TABLE  II 
Relative Mortality from Malignant Neoplasra in Syphilis Animals Compared with 
Values  for  Normal  Animals 
Syphilitic group  Normal.group  (Casey (2))  Normal group 
Actual values  Weighted values 
Breed 
~nglish.  .. 
[ex... 
)utch. 
Iimalayan... 
Iavana ...... 
Total. 
No. of 
anlmal~ 
7 
5 
13 
15 
10 
50 
Mean 
per ce~ 
57.1  4-  10.1 
g3.3  4-  19.4 
30.14-  9.8 
12.2  4-  5.7 
0  4-  0 
23.8  4-  5.1 
No. of 
animals  Mean 
#er ce~ 
25  84.0  -4-  6.4 
13  77.6  q-  6.8 
18  65.3  4-  7.8 
27  33.3  4-  6.6 
18  11.1  4-  4.8 
101  53.8  4-  4.1 
No. of 
animal~  Mean 
per ¢~t 
7  84.0  4-  12.1 
5  77.6  ±  10.g 
13  65.3  4-  9.~ 
15  33.3  ±  8.~ 
10  11.1  4-  6.~ 
5O  48.7  4-  5.~ 
of inoculation with Tr. pallidum and of reinoculation with the Brown- 
Pearce tumor,  together with  values for syphilis morbidity and for 
tumor mortality as determined by the methods heretofore described. 
Table II records the observations on the mortality of the syphilitic 
animals of the present investigation after inoculation with the Brown- PAUL D. ROSAHN  219 
Pearce tumor, together with the mean values for mortality from the 
Brown-Pearce tumor obtained by Casey (2) in his study on the reac- 
tion of normal animals to inoculation with that tumor, and weighted 
normal mean values derived from Casey's observations, as described 
in the Section on Material and Methods.  In this table the observa: 
tions  are presented from  the  standpoint  of  the  standard  breed of 
rabbit under consideration; namely, the English, Rex, Dutch, Hima- 
layan, and Havana.  Text-fig. 1 indicates graphically the mean values 
for syphilitic animals and  the weighted values  for normal animals, 
which are given in Table II. 
Pez ¢e~t 
100 
90-  V-1 Normal ~abb~ts 
m 
80--  --I  ~  Late.nt ~rphtl].tic 
70 
i 
8O 
5O 
4O 
3O 
2O 
10 
0  -'E~ish  ~e,x  Dutch Himalay~  Havana  Total 
TExT-FIG. I. Mean values  for mortality  from the Brown=Pearce tumor in 
latent  syphilitic  and  in  normal  non-syphilitic  rabbits. 
Table II and  Text-fig. 1 show  that  the  mean  value  for  tumor 
mortality in  the  50  syphilitic  animals was 23.8  +  5.1  per cent.  This  is 
significantly  lower than the weighted mean normal value of 48.71 4- 
5.7 per cent (difference  =  -24.9 +  8.0,  t  =  3.11,  P  =  0.01 -, signifi- 
cant).  Also the  mean value for  each breed was lower in  the syphilitic 
group than the corresponding breed mean value for normal animals. 
DISCUSSION 
Kolle (6), Chesney (7), and others have demonstrated that following 
a  first  intratesticular inoculation  with  Tr.  pallidum, reinoculation 
with a homologous strain  before the lapse of 60 days produces a new 
chancre in more than half of the observations, while reinoculation 220  EXPERIMENTAL  SYPHILIS  AND  TUMOR 
after a 90 day period rarely results in a chancre.  This type of acquired 
immunity to  syphilis  reinoculation is  operative only in  the  case of 
homologous virus.  On this basis the animals of the present investiga- 
tion were all presumed to be immune to homologous virus since a 5 to 
7 months period had elapsed between the syphilis and tumor inocula- 
tions.  It is for this reason that the experimental animals have been 
referred to as the syphilis-immune group. 
These experiments were planned in order to determine whether the 
immune syphilitic  state  in  the  rabbit  altered  its  absolute  level  of 
susceptibility to inoculation with a malignant neoplasm.  It has been 
seen  that  the mean value  for  tumor mortality in  the  50  syphilitic 
animals was significantly lower than the weighted mean normal value. 
It had been expected to employ as control groups animals of identical 
breed  inoculated with  the  same tumor  emulsion  which the  experi- 
mental group  received.  This  procedure was,  however, not feasible 
because of the relative scarcity of pure bred rabbits of the  required 
breeds,  and  for  comparative  purposes,  therefore,  the  breed  mean 
mortality values  obtained by  Casey on  normal  animals  have been 
resorted to. 
There is evidence that the tumor with which a  large proportion of 
the  experimental  or  syphilis-immune  animals  was  inoculated,  was 
capable of inducing a highly malignant disease.  Twenty-three or 46 
per cent of the 50 experimental animals were inoculated with tumor on 
October 7,  1932,  together with three normal non-syphilitic animals. 
All three normal rabbits died with widespread tumor metastases, but 
the mortality rate in the experimental animals was 13.5 per cent.  A 
similar lower  rate  obtained  when  only  the  most  susceptible  of all 
breeds, the English, comprised the experimental group, for the mean 
mortality rate in five syphilis-immune English rabbits inoculated on 
October 7,  1932, was 46  4-  10.4 per cent, while the mortality rate in 
the three normal animals inoculated on the same date was more than 
double this value.  Furthermore, the neoplasm is known to be most 
malignant in the fall and spring (8), the seasons of the year when the 
present  tumor  inoculations  were made.  In  spite  of  the  fact  that 
seasonal conditions were optimum for the growth and malignancy of 
the tumor, the mortality rate in all five breeds and in the combined 
group of 50 animals was lower than normal control values. PAUL D.  I~OSAm~I  221 
It will be recalled that the syphilis-immune group which was inocu- 
lated with tumor comprised animals selected because of presumably 
normal testicular tissue, and that the testicle chosen for reinoculation 
either had  not  been  involved in  the  syphilitic process,  or  showed 
regenerated testicular substance.  It seemed quite possible,  however, 
that even though a testicle had completely healed clinically, an ante- 
cedent syphilitic process might have produced in it a local refractoriness 
to tumor growth.  This does not appear to be the case.  Considering 
the English, Rex, and Dutch groups as relatively susceptible to the 
tumor, of 22 animals of these breeds which had developed a primary 
and a  metastatic syphilitic orchitis,  the  tumor grew at  the site of 
injection in 17 or 77.3 per cent of instances, and of these 17 animals, 
metastases to  distant  sites occurred in  12  or  70.6 per cent.  Thus 
tumor grew in a large proportion of the healed syphilitic testicles of 
susceptible  animals.  Conversely,  tumor  did  not  grow  in  a  large 
majority of testicles which had never presented clinical evidence of a 
syphilitic process, for of seven animals which developed only a primary 
orchitis, tumor inoculation into the unaffected testicle on October 7, 
1932, with material which has been shown to be highly malignant in 
normal animals, produced a growth in only one instance.  From this 
evidence, it appears that the local testicular reaction to Tr. pallidum 
could not account for the observed difference between the mortality 
rates in syphilitic as compared with non-syphilitic rabbits. 
Additive  information  which  makes  this  difference of  increased 
significance  is  the fact that each of the five breed mean values for 
tumor mortality in  the syphilis-immune group was lower than  the 
mean values for normal animals of corresponding breeds.  Not only 
was this the case, but the establishment of an immunity to syphilis 
produced no alteration in the relative susceptibility of different breeds 
of  rabbits  inoculated  with  the  tumor.  Table  II  shows  that  the 
mortality rates from the Brown-Pcarce tumor in the groups of stand- 
ard bred normal (non-syphilitic) rabbits of Casey's series ranged from 
84.0 per cent for the English to 11.1 per cent for the Havana, with the 
Rex, Dutch, and Himalayan groups occupying intermediate positions 
between these extremes at  levels of  77.6, 65.3, and  33.3 per  cent 
respectively.  Using the same technique of inoculation, and the same 
criteria for the determination of malignancy, the tumor mortality in 222  EXPERI'M~NTAL  SYPHILIS AND  TUMOR 
the syphilis-immune animals ranged according to breed from a  high 
mean level of 57.1 per cent for the English, to a low of 0 per cent for the 
Havana, with intermediate positions of 43.3,  30.1,  and 12.2 per cent 
occupied  by  the  Rex,  Dutch, and  Himalayan  breeds  respectively. 
Thus the relative positions of the five breeds under consideration on a 
scale of increasing susceptibility to the Brown-Pearce tumor was the 
same in the experimental group of syphilis-immune animals as it was 
in  the normal control groups,  that  is,  Havana,  Himalayan,  Dutch, 
Rex, and English.  This complete correspondence is shown in Text- 
fig.  1. 
In  order  to  determine  whether  the  different breeds  were  homo- 
geneous with respect to the mortality ratios in the syphilitic and non- 
syphilitic groups, or otherwise stated, whether the ratio of the mortal- 
ity in  the  syphilitic  animals  to  the mortality in  the  non-syphilitlc 
animals was the same in each breed, Table III was constructed, and a 
value for x 2 equal to 9.72 was obtained.  This value would be exceeded 
by random sampling five times in 100 such experiments, and is prob- 
ably  significant  (P  =  0.05).  From  Table  III  it  is  seen  that  the 
principal discrepancy between the observed and the expected values 
lies in the Havana values (S ~  =  5.78), the actual result in the experi- 
n 
mental  group  being  much  lower  than  expected.  However,  even 
where a discrepancy between observed and expected values did exist, 
as in the case of the Havana breed, the difference was in the direction 
of increased resistance to tumor in the syphilis-immune group.  Exclud- 
ing the Havanas, a new x 2  determination showed no significant hetero- 
geneity between the breeds with respect to the ratio of the mortality 
in syphilitic animals to the mortality in non-syphilitic animals (x  ~ -- 
3.65, n  =  3, P  =  0.30, not significant); in other words, the breeds were 
significantly homogeneous as regards this ratio.  This homogeneity is 
of importance since it demonstrates that the factors which produced 
increased breed resistance to the tumor inoculation were operative on 
each breed with equal effectiveness. 
The genesis of this increased resistance to tumor in syphilis-immune 
animals is at present a matter of conjecture.  Bashford's original work 
(9) which is now well established indicates that a definite resistance to 
tumor can be induced by antecedent inoculations with normal blood, PAUL  D.  ROSAm~  223 
and others have shown that in the same manner resistance to tumor 
can be produced by preliminary injections with normal liver,  testes, 
or embryo.  It is the concensus of opinion that this type of resistance 
can only be evoked by the use of living, homologous cells (10). 
It is, of course, evident that living homologous cells were present in 
the original inoculum of syphilitic material employed in this investiga- 
tion, and it is conceivable that the increased resistance to subsequent 
TABLE  HI 
Relative Mortality in Groups of Standard Bred Rabbits Following Inoculation with 
the Brown-Pearce Tumor.  Observed and Expected Mean Values in 
Syphilitic and Normal Groups 
Observed Values (Per Cent) 
Group 
Syphilitic ............ 
Normal .............. 
Total ............. 
English 
84.0 
141.1 
Rex 
43.3 
77,6 
120.9 
Dutch 
30.1 
65.3 
95.4 
Himalayan 
12.2 
33.3 
Havana 
0 
11.1 
11.1 
Total 
142• 7 
271.3 
414.0 
Expected Values (Per Cent) 
Group 
Syphilitic ............. 
Normal ............... 
Total .............. 
English 
48.6 
92.5 
141.1 
2.28 
Rex 
41.7 
79.2 
120.9 
0.10 
Dutch 
32.9 
62.5 
95.4 
0.37 
Himalaya 
29.8 
45.5 
1.19 
Havana 
3.8 
7.3 
11.1 
5.78 
Total 
142.7 
271.3 
414.0 
9.72 
* S  -  sum; m = expected value; x ffi difference between observed and expected 
value. 
inoculation with tumor was due to the same set of factors that produces 
resistance to tumor after the injection of living normal cells.  What 
part the spirochete and the syphilitic phenomena of tissue reactivity 
to  the  spirochete played  in  the production of the  resistance  to  the 
tumor  is  not  known.  If  the  resistance  were  primarily  due  to  the 
original single injection of living cells,  then it was built up and per- 
sisted over a  period of 4½ months and more, that is, the interval be- 224  EXPERIMJ~NTAL  SYPHILIS  AND  TUltIOR 
tween the original injection of syphilitic material and the reinoculation 
with tumor, and this period is longer than any previously recorded. 
All the animals were in excellent physical condition at the time of the 
tumor transplants, and they presented no clinical evidence of syphilis 
or other disease, so that the increased resistance to tumor cannot be 
explained on the basis of a  sickly host supplying a  poor soil for the 
nurturing of tumor cells.  In this connection, it is of interest to recall 
the work of Rous (11) who found that intercurrent illness of the host 
may check the further development of a tumor nodule, and may even 
cause its retrogression. 
As  is  well known,  during  the period of latency in  the untreated 
syphilitic rabbit, the spirochete resides in lymphoid tissue from which 
it can be recovered quite readily by subinoculations into normal ani- 
mals.  The presence of the spirochete in the lymphoid tissue of the 
syphilis-immune group of the present investigation may have been a 
constant stimulus to the building up of resistance to tumor inoculation, 
in exactly the same way that repeated injections of fresh living cells 
produce resistance.  In this connection it would be of great interest to 
determine whether sterilization of the spirochetes by vigorous anti- 
syphilitic  treatment  after  the  establishment  of  an  active  infection 
would alter in any way the production of a tumor resistant state. 
The  method  employed in  the  evaluation  of  the  severity  of  the 
syphilitic disease was based on experience with large numbers of ani- 
mals.  Its use as an estimate of syphilis morbidity has been found to 
agree  with  other  methods  previously  followed.  Thus  a  previous 
analysis  of  the  reaction  of  standard  bred  rabbits  to  experimental 
syphilis took into careful consideration all the factors of incidence and 
time of occurrence of various manifestations of the disease, together 
with the actual and relative focal distribution of generalized lesions, 
the duration of the period of disease activity, the location and destruc- 
tiveness of generalized lesions, and the state of lesion activity at the 
end  of  a  3  month  observation  period.  From  this  analysis  it  was 
concluded that the relative positions of five breeds of rabbits on a scale 
of increasing resistance to  syphilitic infection was Himalayan, Rex, 
English, Dutch, and Havana.  The first three breeds were considered 
to be susceptible and the last two resistant.  The present analysis on 
the basis of arbitrarily designated percentages for each animal accord- PAUL  D. ROSEN  225 
ing to the presence or absence of primary and generalized lesions, gave 
the following mean values: Himalayan 75.1,  Rex 63.3,  English 51.4, 
Dutch 42.6, and Havana 40.7.  The relative degree of susceptibility 
to syphilis for different breeds was thus identical with that  disclosed 
by the earlier more precise analysis. 
Breed mean values for mortality from the Brown-Pearce tumor in 
normal non-syphilitic animals are shown in Table II.  It will be seen 
that the Havana and Himalayan breeds are relatively resistant and 
the Dutch, Rex, and English relatively susceptible.  Three of the five 
breeds  under  consideration  thus  showed  striking  correspondence 
between resistance to tumor and resistance to syphilis.  The English 
and Rex rabbits were both highly susceptible to syphilis and also to 
tumor, while the Havana group was the most resistant of all the five 
breeds to the two diseases.  There was a very slight discrepancy in the 
case of the Dutch since this group was moderately resistant to syphi- 
litic infection and only slightly susceptible to the tumor.  However, 
the greatest disagreement is seen to lie in the values for the Hima- 
layan breed, which showed this group to be highly susceptible to Tr. 
pallidum and very resistant to the tumor.  At first glance this would 
seem to indicate that the non-specific  host factors which are responsible 
for resistance to one disease do not necessarily induce a state of resist- 
ance to a  second disease.  Many isolated observations, however, of 
which two striking examples have recently been observed,  seem to 
reconcile the apparent discrepancy between the Himalayan's reaction 
to the two diseases. 
In a  previous report on the reaction of standard bred rabbits  to 
experimental syphilis (1),  the mean interval between inoculation and 
the appearance of the first and last generalized lesion was longer in the 
Himalayan group than that observed in Havana, Dutch, English, and 
Rex groups.  This indicates that the defence reaction of the Hima- 
layan animals was more successful than that of other breeds in supress- 
ing the appearance of generalized lesions, but that this reaction was 
only partially effective since it merely postponed their development. 
From the standpoint of effectiveness in delaying the appearance of 
generalized disease manifestations, the Himalayan breed can be con- 
sidered to be resistant to syphilis.  Recently, we have observed the 
~ne  phenomenon of delay in animals of this breed as regards their 
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Two normal animals of Himalayan lineage showed small tumor nodules in 
the inoculated testicle 2 months after inoculation.  For some time thereafter, 
these primary tumors presented no evidence of growth, but they then began to 
increase in size until 9 and 7½ months after inoculation they had attained enormous 
proportions, and still showed signs of growth.  The first animal was found dead 
10 months after inoculation, with a large mass of actively growing tumor in the 
pelvis, and metastases to the pelvis of both kidneys, the opposite testicle, the 
bladder, the muscles of the abdominal wall and thigh and the spinal cord.  In 
spite of the extensive metastases, the animal was in a fair state of nutrition, 
moderately large masses of fat being present in the perirenal spaces and in the 
omentum.  Similarly, the second animal, also of Himalayan lineage, which was 
killed 8] months after inoculation because of weakness and loss of weight, showed 
a large pelvic mass consisting  of actively growing  tumor, and a chain of metastatic 
tumor in  the retroperitoneal lymph nodes.  Evidence  that the tumor  in  this 
animal was living and capable of growth 8½ months after the original transplant 
was obtained by successful  takes in each of five normal animals. 
The reaction in both of these cases was evidently similar to that 
observed in syphilitic Himalayans, for the defence forces of these two 
animals were sufficiently  powerful to suppress the growth of tumor for 
a  considerable period of time after which the defence mechanism be- 
came less efficient and the tumor began to grow.  On this basis, the 
only real discrepancy, that noted in the Himalayan group, between 
breed resistance to syphilis and breed resistance to tumor is reconciled, 
or at least less accentuated than it appeared to be on the basis of tests 
which placed a 2 months limitation on the observation period for tumor 
inoculations.  Evidently, the time was too short to permit an accurate 
estimation of  the  end-reaction.  The  fact remains  that  the  Hima- 
layan presents a  peculiarity of response to both syphilis and tumor 
inoculation which, so far, has not been encountered in other breeds 
and is worthy of note as a racial characteristic which should be taken 
into account in experiments involving the use of animals of this breed. 
SUMMARY 
The reaction of the latent syphilitic rabbit to inoculation with the 
Brown-Pearce tumor was studied in 50 standard bred rabbits repre- 
senting five breeds.  The mean tumor mortality rate in the combined 
group was found to be significantly  lower than a weighted control value 
for normal non-syphilitic animals, and the mean tumor mortality rate 
for each of the five breeds studied was  lower in the syphilitic group PAUL D.  ROSAItN  227 
than the corresponding breed mean value for normal  animals.  More- 
over,  the relative  resistance of different  breeds to the Brown-Pearce 
tumor  was  not  altered  by  the  latent  syphilitic  infection.  Certain 
factors which might have contributed to the development of a  tumor 
resistant state in the syphilitic group were discussed, and evidence was 
presented which demonstrates that  as regards  the breeds under con- 
sideration,  there exists a high correlation between breed resistance to 
Tr. pallldum infection and breed resistance to the Brown-Pearce tumor. 
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